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INTRODUCTION
Earth Polychromatic Imaging Camera (EPIC) on board Deep Space Climate Observatory (DSCOVR) mission was launched on
February 11, 2015 to an orbit near the Sun-Earth L1 point where it started to obtain images in near backscattering directions in
June 2015 from each of its 10 ultraviolet to near infrared (NIR) channels every 65 to 110 minutes. EPIC MAIAC surface
reflectance product is available from the EARTHDATA (earthdata.nasa.gov).
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Multi-angle Imaging SpectroRadiometer (MISR) on board the EOS Terra platform were launched on December 18, 1999 to sun-
synchronous polar. MISR obtains calibrated images in 4 spectral bands at each of 9 angles at 1.1 km resolution. MISR land
surface and aerosol products are available from the EARTHDATA (earthdata.nasa.gov).
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ANGULAR SIGNATURE
Angular signatures of DASF in March (wet season) and October (dry season) in Amazonian central rainforest region (0°-10°S
and 70°-60°W). The phase angle is the angle between the directions to the Sun and sensor. We assign the sign ‘plus’ to phase
angle in forward direction along the view line and minus otherwise. This figure shows seasonal changes of DASF from MISR
and EPIC observation under similar sun-sensor geometry. 
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Angular signatures of DASF in June and October in Amazonian central rainforest region (0°-10°S and 70°-60°W). This figure
shows seasonal changes of DASF from MISR and EPIC observation under different sun-sensor geometry. 
Sun-sensor geometry of MISR and EPIC observations in Amazonian central rainforest region (0°-10°S and 70°-60°W) in March
(left), June (middle), October (right).
EPIC data can match the MISR observations in hot spot direction;
Under similar sun-sensor geometry, MISR sensor records a distinct decrease in DASF between October and March with no much change in the overall
shape of the angular signatures, which can only result from change in canopy properties;
Under different sun-sensor geometry, the magnitude and shape of angular signatures are impacted when both canopy properties and SZA vary.
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FORMULATION FOR DASF
A simple formulation for DASF following Radiative Transfer (RT) theory for vegetation canopies:
Parameterization table
DASF Model variables/Parameters
Estimating the Characteristic Length, l
Using data from 2017 to 2019 (all months) over tropical forests in the Amazon and South Asia, and
minimizing the Normalized Root Mean Square Error, NRMSE (l), between modelled, DASF  and observed, DASF , for
given LAI and sun-sensor geometry
DASFb(Ω0, Ω)µ0 = h(Ω0, Ω)(j(Ω)i0(Ω0))/(1 − pb)
+[1 − h(Ω0, Ω)](ρb(Ω)i0(Ω0)µ0)/(1 − pb)
mod obs
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Exponential function for Characteristic Length, l
 l=0.000007∗e^14.217cosSZA
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MODEL EVALUATION——MISR
Left: Angular signatures of observed and modelled DASF in Amazonian central rainforest region (0°-10°S and 70°-60°W) in Feb
2016. Right: Comparison of the observed and modelled DASF in Feb 2016.
Left: Angular signatures of observed and modelled DASF in Amazonian central rainforest region (0°-10°S and 70°-60°W) in Jun
2016. Right: Comparison of the observed and modelled DASF in Jun 2016.
Left: Angular signatures of observed and modelled DASF in Amazonian central rainforest region (0°-10°S and 70°-60°W) in Oct
2016. Right: Comparison of the observed and modelled DASF in Oct 2016.
Based on MISR observation, Our model was able to capture seasonal variations of angular signature in evergreen
broadleaf forest in Non-hot spot direction
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MODEL EVALUATION——EPIC
Modelled DASF vs observed EPIC DASF at different times in one day over the Amazon forest (two cases)
modelled DASF vs observed EPIC DASF from in the Amazon forest (all cases)
The model works well in the hot spot direction when SZA<30 degree but poorly for SZA>30 degree
For SZA<45,  error ~13%; Could be due to:
         (a) 1D model for the canopy interceptance
         (b) ignoring the sphericity of the atmosphere      while atmospheric correction of data
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CONCLUSION
In this study, we have proposed a simple model for DASF following Radiative Transfer (RT) theory for vegetation canopies,
which could approximate DSCOVR/EPIC and MISR observations. In this model, the correlation coefficient, visible fraction of
leaf area in the direction Ω from the sunlit areas of leaves, is an important parameter that allows us to extend conventional
radiative transfer equation to media with finite dimensional scatters and consequently accurately discriminate between sunlit and
shaded leaves. Approximated Exponential function of Characteristic Length is an important part of the parameter optimization
for the correlation coefficient. Based on comparison between estimation and observation from MISR and EPIC, our model was
able to capture seasonal variations of angular signature in evergreen broadleaf forest in Non-hot spot direction, and also worked
well in the hot spot direction when SZA<30 degree.
Continuing progress on modelling angular signatures is going to help quantitatively attribute changes in angular signatures to
changes in canopy structure and optics. This rigorous attribution will help diagnose ongoing changes in tropical forests, prognose
future changes, guide future field data sampling to test model generated hypotheses.
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ABSTRACT
The angular signatures of reflectance are rich sources of diagnostic information about vegetation canopies, because the
geometric structure and foliage optics determine their magnitude and angular distribution. This poster presents angular
signatures of Directional Area Scattering Function (DASF) in Amazon forest for the period of concurrent DSCOVR/EPIC
(Earth Polychromatic Imaging Camera onboard the Deep Space Climate Observatory) and MISR (Terra Multi-angle Imaging
SpectroRadiometer) observations. We developed a simple model, which could approximate DSCOVR/EPIC and MISR
observations, through analyses of variations in magnitude and shape of angular distribution of canopy reflected radiation and
the rigorous use of radiative transfer theory. In this model, the correlation coefficient, visible fraction of leaf area in the
direction Ω from the sunlit areas of leaves, is an important parameter that allows us to extend conventional radiative transfer
equation to media with finite dimensional scatters and consequently accurately discriminate between sunlit and shaded
leaves. Our model was able to capture seasonal variations of reflectance in amazon rain forest, which resulted from changes
in both leaf area and solar zenith angle.
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